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shrimp could have resulted from lack of substrate (TMAO). In another
study (Oberlender et al., 1983), TMA values of swordfish steaks stored
in CO2-enriched atmospheres did not exceed recommended values for
acceptability even when the steaks had spoiled. In this case, the lack of
relationship between TMA content and sensory characteristics may have
resulted from a shift in the composition of the microflora. Lactic acid
bacteria were predominant on the fish stored under modified gaseous
atmospheres, whereas gram-negative, aerobic rods usually predominated
on samples exposed to air.

Reliable methods are available to determine TMA and TVN (AOAC,
1980;Cobbetal., 1973).

Quality deterioration and subsequent spoilage of fish and seafoods is a
very complex process and is influenced by a great many variables, such
as (1) fish species, (2) area of catch, (3) method of catch, (4) handling
on board of vessel, and (5) processing techniques. For a limited number
of marine species under certain conditions of handling, a relationship may
exist between indicators, such as TMA and/or TVN, and microbial activity
that influences acceptability of a product. If such indicators or criteria are
applied, caution should be exercised not to include either other species
for which this relationship has not yet been established or the same species
when they are handled under different conditions. Because of these severe
limitations, TMA and TVN by themselves should not be applied broadly
in criteria to reflect microbial activity in fish and seafoods.

Indole

Indole has been proposed as an indicator of decomposition for shrimp
and oysters since the 1940s (Beacham, 1946; Duggan, 1948; King and
Flynn, 1945). According to McClennan (1952) and Salwin (1964), indole
is a good index for differentiating between acceptable and unacceptable
shrimp. Indole is formed by the action of certain bacteria (such as Pro-
teus spp., E. coli, and others) on tryptophan present in shrimp and oyster
tissue.

A study conducted by FDA (Duggan and Strasburger, 1946) reported
a good correlation between indole concentration and sensory evaluation;
the indole content increased as decomposition advanced. Fresh shrimp
does not contain indole in excess of 1 |xg/100 g. The FDA established a
defect action level of 25 (jig/100 g for indole in imported canned and
cooked/frozen shrimp (FDA, 1981). Shrimp at or exceeding this indole
level is not permitted to enter the United States. This action resulted from
concern with Salmonella, decomposition, and filth in frozen raw imported
shrimp. Subsequent canning or cooking masks the odor of decomposition.
Duggan and Strasburger (1946), however, reported that when shrinkage